Power Plant Construction on a Thick Sand Deposit by Arcones, A. & Soriano, A.
Missouri University of Science and Technology 
Scholars' Mine 
International Conference on Case Histories in 
Geotechnical Engineering 
(1984) - First International Conference on Case 
Histories in Geotechnical Engineering 
07 May 1984, 11:30 am - 6:00 pm 
Power Plant Construction on a Thick Sand Deposit 
A. Arcones 
Empresarios Agrupados, Spain 
A. Soriano 
Empresarios Agrupados, Spain 
Follow this and additional works at: https://scholarsmine.mst.edu/icchge 
 Part of the Geotechnical Engineering Commons 
Recommended Citation 
Arcones, A. and Soriano, A., "Power Plant Construction on a Thick Sand Deposit" (1984). International 
Conference on Case Histories in Geotechnical Engineering. 41. 
https://scholarsmine.mst.edu/icchge/1icchge/1icchge-theme1/41 
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 
Power Plant Construction on a Thick Sand Deposit 
A. Arcones 
lngeniero de Caminos, Empresarios Agrupados, Spain 
A. Soriano 
lngeniero de Caminos, Empresarios Agrupados, Spain 
SYNOPSIS The Compal'lia Sevillana de Electricidad, S.A., is building a fuel power plant near the 
mouth of the Guadarranque river in the Algeciras Bay, in the South of Spain. 
The site is flat, with the ground water level close to the surface and occasionally above it, 
giving the site a marshy aspect. The thickness of the alluvial soils is such that deep founda-
tions have been considered so expensive that an alternative solution has had to be sought. The 
rather loose and granular characteristics of the soil deposit caused some concern about settle-
ment of shallow foundations in addition to the risk of liquefaction. 
After selection of the proper method, the upper part of the soil has been vibrocompacted and the 
foundations built on spread footings or small floating piles (some heavier elements). 
Ground improvement control, pile loading testing, recorded settlements and other interesting 
features of this large project are given in this presentation. 
INTRODUCTION 
Early in 1980, the Compal'\:la Sevillana de 
Electricidad, S.A., one of the largest 
utilities in Spain, started geotechnical 
exploration of a site on the southern coast 
of Spain, Fig. 1, as part of the project 
for a fossil-fuel power plant. 
Fig. 1 - Loeotion of the Site 
One of the first consequences of the geo-
technical studies was the evaluation of the 
risk of liquefaction due to the loose-to-
medium density of the silty sands that form 
the subsoil and the moderate-to-high seis-
micity of the region. In addition, the 
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thickness of the soil deposit was such that 
deep foundations were so expensive as to 
make necessary a reconsideration of the 
feasibility of the project. 
Two alternative solutions were proposed; 
either to artificially improve the ground 
conditions or to abandon the site and build 
the plant elsewhere. Comparative studies 
advised the first course. 
By the end of 
work commenced by 
of the procedure 
to the site. 
1980, the vibrocompaction 
testing different details 
to be extensively applied 
For six months, working with six pieces of 
equipment, a total area of 41,000 m2 was 
treated to a depth ranging from 12 to 15 m, 
giving a total volume of densified soil of 
more than 600,000 m3. These dimensions, 
in addition to the ground treatment for an 
adjacent coalyard still under execution, 
make this the largest soil treatment pro-
ject known to the authors. 
Specifications for the acceptance of the 
treatment were overfulfilled at the begin-
ning of the work, so the vibrocompaction 
mesh was slightly broadened during perfor-
mance to accommodate the results and some-
what reduce time and cost. 
Foundations on 
signed either 
the treated ground were de-
on spread footings or on 
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small pre-cast floating piles to reduce 
settlement of the heavier equipment. 
Allowable 
load tests 
loads on piles were derived from 
run on three single piles and on 
three piles. Piling was started 
of 1981 and was completed, for 
structures where settlement re-
te be taken, in the summer of 
a total driven length of more 
a group of 




than 40 Km. 
Settlements of the main foundations were 
estimated prior to construction and a set-
tlement recording procedure was followed 
both during and after construction. Com-
pletion of the power plant is scheduled for 
June, 1984. 
In subsequent sections of this paper, there 
is a description of the ground conditions, 
some details related to the selection of 
the method used to improve such conditions, 
the results of the treatment, the main 
features of the pile load testing, the 
problems related to pile driving and some 
comments on the comparison of predicted and 
measured settlements. 
GROU~D CONDITIONS 
The main feature of the site is the great 
depth of the soil deposits that cover the 
underlying rock. Borings up to depths of 
more than 50 m did not reach the base rock 
under the main elements of the power plant. 
The outcropping rocks in 
dated from the Oligocene 
and sandstones) and from 
and limestones) periods. 
the vicinity are 
(alternating marls 
the Eocene (marls 
Longer borings, drilled for the geotech-
nical exploration of subsoil conditions at 
the coast where a coal-unloading terminal 
is being built, reached the bedrock at an 
average depth of 70 m below sea level. 
The soil consists mainly of fine sand with 
some content of silts and traces of clays. 
A large number of grain-size tests have 
been performed with these soils. Most of 
the grain-size curves (80%) fall within the 







Fig. 2- Grain- size of the soil deposit 
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part of the deposit (the first 20 m) is 
somewhat more homogeneous and the grain-
size curves of 95% of the samples taken 
within this depth are within that area, 
whereas at depths greater than 30-35 m, 
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Fi11. 3- S.P.T. Results 
Most of the information concerning the den-
sity of the deposit has been obtained 
through SPT run at regular depth intervals 
within each boring. A summary of the re-
sults from these tests are given in Fig. 3 
for the upper 25 m of the soil deposit. The 
average values of the number of blows for 
each depth, as well as the extreme values, 
are plotted in this Figure. When a correc-
tion for the effect of confining pressure 
is made to obtain the modified N values ac-
cording the Marcuson (1978), the extreme 
values of the SPT index (maximum and mini-
mum) result in those given in Fig. 3. Rela-
tive densities can be obtained from these 
tests, applying the criteria of Gibbs and 
Holtz (1957) and Marcuson (1978) as they 
are given in Table I. 
TABLE I - Variation of Relative Densities 
Depth Gibbs & Holtz Marcuson 
0-7 m 55% 55% 
7-11 m 45% 50% 
11-16 m 45% 55% 
16-18 m 55% 65% 
18-25 m 65% 70% 
If the values of relative densities derived 
from Marcuson's criteria are corrected to 
allow for the consideration of the differ-
ence of the field and laboratory testing, 
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according to Seed (1979), somewhat lower 
values (approximately 10% lower) than those 
given in the last column of Table I would 
have been obtained. Relative densities in 
the order of 50 ± 5% are then proper to 
depths less than 16 m and relative densi-
ties in the order of 60 ± 5% represent the 
depth interval from 16 to 25 m. 
Static cone penetration testing has been 
performed at different points at the site. 
Average values for each depth are given in 
Table II. 
TABLE II - Summary of Cone Resistances 
Depth Point Resistance (Kp/cm.l) 
o-s m 0-30 
5-15 m 30-60 
> 15 m 60-300 (averaqe > 100) 
The unit skin friction measured with the 
static cone penetrometer has been in the 
order of 0. 9% to 2. 2% of the unit point 
resistance. This range of values is con-
sidered consistent with the mainly granular 
nature of the soil. There are a few levels 
where this ratio reaches values in the 
order of 5 to 10%. These levels are inter-
preted as local lenses of finer-graded 
soils that are interbedded within the sand 
deposit. 
Cross-hole testing has been run at this 
site. The response of the soil deposit to 
this test is rather uniform and values of 
200 m/sec (± 10%) are considered represen-
tative of this formation. According to the 
experiences of Hardin and Richart (1963) 
with shear wave determination in samples of 
Ottawa sand, a relationship could be es-
tablished between that velocity and void 





If this relationship were applied to this 
soil deposit for confining pressures in the 
order of 1000 lb/ft2 (which would corres-
pond to an average soil cover of 10 m and a 
K0 value of 0.5), a value of the void 
ratio in the order of 0.68 would be ob-
tained. It is believed that void ratios 
somewhat smaller than those predicted with 
this formula (a somewhat different correla-
tion) should hold for this soil deposit. 
Nevertheless, the shear wave velocities 
measured with cross-hole testing are con-
sidered proper to this type of formation 
and have been utilized for the dynamic cal-
culations needed for the design of the 
power plant. This aspect is not within the 
scope of this paper and has been presented 
in a separate publication by Navarro, et 
al. (1982). 
Permeability tests 
formed in some 
value of the n in 
(Lefranc) have been per-
borings to estimate the 
situ" permeability. Typi-




Results of "In Situ" Permeability Tests 
Coefficient of Permeability (em/sec) 
Depth Range of Values Average Val u_E; 
0-20 m 1.6xlo-2 to 2.4xlo-5 2.4 X lo-3 
> 20 m 7.lxlo-j to 1. Sxl o-s 0.9 X lQ-3 
SELECTION OF GROUND IMPROVEMENT METHOD 
The natural conditions of this site would 
imply two main problems for the construc-
tion of the power plant: risk of liquefac-
tion and settlements of shallow foundations. 
A preliminary estimate of settlements, even 
in the most optimistic approach, showed the 
need for either a pile foundation, an im-
provement of the ground or an intermediate 
solution. 
The liquefaction potential analysis showed 
that earthquakes of magnitudes in the order 
of 6 to 7. 5 which could induce bar izontal 
ground accelerations on firm ground in the 
order of 0 .lOg to 0 .l5g would cause lique-
faction according to the criteria proposed 
by Seed (1979). The site, according to 
Spanish Seismic Code PDS-1, 1974, is clas-
sified as medium seismicity (an expected 
intensity of VI MSK is recommended for 
design of buildings). Other studies of the 
seismic risk of this area of Spain, pub-
lished by Soriano et al. (1975), have shown 
that the level of acceleration (O.lOg to 
O.l5g) have a slight probability of occur-
rence during the life of the plant. 
The minor, but existing, risk of liquefac-
tion and the high cost of a deep foundation 
of the heavy loads that are involved in a 
power plant led to the solution of a gene-
ral improvement of the upper part of the 
soil deposit, which was sufficient to with-
stand the loads of most of the equipment 
and to reduce the risk of liquefaction. 
Major loads (turbine, chimney, etc.) would 
be founded on small floating piles to homo-
genize and further reduce future settle-
ments. 
The objective of the ground improvement was 
established to reach a value of the static 
cone point resistance equal to or greater 
than 100 Rg/cm2 for the top 15 m of the 
soil. 
Several methods were considered, among them 
vibroflotation (Keller), surface compaction 
(Menard) and vibrocompaction (Bauer). 
A surface compaction was not considered 
sufficient for the depths of interest un-
less very heavy loads were used and over-
compaction near the surface achieved. 
The grain-size curves of the soil deposits 
showed that an intensive vibration inside 
the deposit could not always liquefy the 
soil and that, therefore, a method of im-
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provement, which could allow for material 
substitution, would be more convenient. 
On the basis of the above, and, obviously, 
taking into account economic factors, a 
system of vibrocompaction was selected. 
Although the main features of the 
have been reported elsewhere, by 
tractor DYC-RODIO, (LLorca et al. 
some of them are reported here. 
equipment 
the Con-
(19 B2) J , 
The equipment consists of 15m long tubes of 
0. 30 m in diameter that hold at their 
points the vibro and water jet. These 
vi bros develop a force of 25 Tn, with a 
maximum radial displacement of 20 mm and 
vibrate at 3500 rpm. 
A coarse, rounded sand or a well-graded 
gravel were used as filling material (see 
Fig. 4) For the selection of these mate-
rials, previous trials with beach sand, 
with a well-graded natural gravel and with 
an unclassified crushed limestone failed to 
reach the required results (qc > 100 

















Fiv. 4- Grain- size of fillin!l materials 
Three different meshes were utilized: 
firstly, a square mesh was used, with a 
vibrocompaction point each 3 m2. Then, as 
the compaction requirements were overful-
filled, a triangular mesh was adopted, with 
a point every 3.5 m2, and, finally, for 
sites with minor structures within the 
plant, a triangular mesh was used, with a 
point each 4. 5 m2. These meshes are shown 
in Figure 5. 
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ing material was 
filling material per 
of soil treated was 
total volume of fill-
141,000 m3 (0.21 m3 
m3 treated soil). 
RESULTS OF THE TREATMENT 
There are no objective data which permit 
establishing significant differences bet-
ween the results obtained with the two 
types of filling materials or with the mix-
t ures made with them. 
Material consumption was 0.82 m3jm.l. 
perforation; this value remained practical-
ly constant in the various types of mesh 
used. The reason for this is that the 
radi~s of influence of each point of vibro-
flotation is a more or less fixed value, 
depending on the characteristics of the 
soil and of the equipment used. When the 
points are so close that the circles de-
fined by the radii of influence intersect, 
the consumption of filling material in-
creases as mesh size increases. 
From a determined distance, the areas of 
influence of the various points become in-
dependent and consumption remains constant 
whatever separation is chosen. 
Consumption, per m3 of soil 
varied between 0.27 m3 and 0.13 
mesh densities of 1 point per 3.0 




In general, it has been observed that 
triangular mesh has given better results 
than square mesh, in spite of the fact that 
the density of the first (one point per 
3.50 m2) is less than that of the latter 
(one point per 3.0 m2J. This coincides 
with expectations, since the distance to 
the most unfavourable point (centre of gra-
vity of the mesh) is lower for triangular 
mesh than for square mesh (Figure 5). 
At practically all points covered, greater 
point resistance than that specified (qc 
> 100 Kg/cm2J was obtained with the 
Dutch cone, except at small intercalations 
(with a thickness lower than 1.00 m) in 
some isolated penetrometers. As is logical, 
the resistances measured in the areas of 
triangular 4.50 m2 mesh were clearly low-
er, although it should be taken into ac-
count that this mesh is only used in areas 
where plant auxiliary elements are in-
stalled, whose structures transmit lower 
loads (transformers, pools, workshops, of-
fices, etc.). 
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It should be pointed out, however, that, in 
spite of the fact that the prescribed mini-
mum values were exceeded, the results show 
a certain heterogeneity both in the hor i-
zontal and vertical directions, with very 
different resistances between relatively 
close points which were subject to the same 
treatment1 likewise, in some records, at 
one penetrometer intercalations may appear 
in which the resistance suddenly increases 
and then no less suddenly decreases. Figure 
6 shows a set of curves representative of a 
treated area. 





Fit. 6- Typical band af static cant tttt rnults 
The DIN dynamic penetrometer 
Sanglerat (1972) (50 Kp - 50 
was also used to extend the 
greater number of points. 
described by 
em - 15 cm2) 
control to a 
The application of the Gibbs & Holtz and 
Marcuson criteria, used to establish the 
relative density values given in Table I, 
gives values of 60-70% after treatment, 
with an increase in relative density great-
er than 20%. 
Taking the volume of filling material <~ 
0.21 m3;m3 of soil treated, which is 
equivalent to 0.28-0.30 Tn/m3 increase in 
the specific dry weight of the soil) a 35% 
increase in relative density may be calcu-
lated. 
Both values lead to a similar 
the silty sand has changed from 





On the basis of the unit resistances per 
point measured (100-150 Kg/cm2) and con-
sidering the ratios proposed by Schmertmann 
(1970), (1975) and Vesic (1970), deforma-
tion modulus values in the order of 250-525 
Kg/cm2 may be deduced, depending on the 
type of deformation to which the soil is 
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subjected and the average range of varia-
tion of the assumed resistance. Settlement 
calculations based on these values have 
permitted the foundations of several build-
ings to be made on shallow footings. 
~iquefaction Potential 
Performing an analysis similar to that men-
tioned above, based on the empirical method 
proposed by Seed, a conclusion is reached 
that the risk of generalized liquefaction 
has been eliminated even considering earth-
quakes with a magnitude of 7 1/2 and a 
maximum acceleration of 0.15 g. Only small 
localized lenses would be susceptible to 
liquefaction, which would be determined on 
the basis of the envelope of minimum resis-
tance values measured with the cone pene-
trometer. 
PILE FOUNDATIONS 
In order to analyze the possible solutions 
concerning the foundations of the heaviest 
elements of the plant (chimney, turbine, 
boiler building, etc.) a series of load 
tests was performed on prefabricated driven 




Three isolated piles 
group of three piles 
0.75 m per side. 
800 cm2 
12.00 m, with a 
minimum of 3-4 metres 
of vibrocompacted 
soil beneath the tip 
were tested, as was a 
forming a triangle of 
The isolated piles were driven in an area 
where the treatment was performed in a 
square mesh of 1.75 x 1.75 m, with one of 
the piles in the centre of the mesh, 
another in the middle of one side and the 
third at a vertex. The group of 3 piles was 
within one square of the mesh. 
Figure 7 shows the results of the driving 
of the three isolated piles. The driving 
was performed using a 3 Tn pile hammer with 
a drop of 1. 00 m. 
Figure 8 shows the results for the group of 
three piles, which were driven using a 4. 7 
Tn pile hammer with a drop of 1.00 m. 
Figures for refusal are similar in all 
cases, except regarding the appearance of a 
more compact level at a depth of 9 m in the 
case of the grouped piles. 
The application of Hiley's formula, with 
the constants corresponding to the case 
studied, to the results of the pile driving 
gives a failure load of 140-155 Tn for the 
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Fig. 7- Blowcount for the isolated piles 
In the case of the grouped piles, the ulti-
mate load oscillates between 245 Tn (for 
0.5 mm/blow) and 265 Tn (0.3 mmjblow), for 
each pile. 
Blowa /2.0cm. 
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Fiv.8- Blawcount for the pile group 
Details of the load testing are given else-
where by Andreu et al. (1983). 
Mention should be made of the high correla-
tion between the results obtained from 
using the pile driving formula and the load 
test (see Fig. 9). 
The main conclusion of the load testing of 
the six piles was that piling was feasible, 
even though hard driving should be expec-
ted, and that a safe value for the service 
load for each pile should be set in the 
order of 60 Tn for the maximum specified 
blowcount of 15 blows per 20 em (4 Tn ham-
mer). 
After treatment, the ground had a certain 
degree of heterogeneity~ in fact, the dif-
ferences existing before the treatment are 
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ized factors (e.g. lenses 
grain size) give rise to 
between very close points or 
ferent depths of the same point. 
Due to this, extremely diverse results were 
obtained during pile driving, particularly 
at the beginning in the boiler zone where 
vibrocompaction was started and trials with 
different filling materials were made. The 
most significant effect as regards this as-
pect was the difficulty of driving in the 
whole predicted length of the pile, since, 
in some cases, intermediate soil lenses 
which had been overcompacted could not be 
penetrated. 
In other cases, the number of blows re-
quired to drive the last metres of pile is 
lower than that deduced from the driving 
formula for the required load capacity. 
As regards the first aspect, driving the 
first piles (in the boiler area) gave rise 
to incidents (driven length less than 9 m, 
whereas expected length was 12 m, damage to 
the pile during driving, tilting, etc.) in 
25% of the piles driven. As a protective 
measure, when difficulties were suspected, 
a previous perforation was made, with a 
helix with a diameter slightly less than 
that of the pile, to a depth of 6 8 m. 
This measure assured that the percentage of 
insufficently driven piles in the areas 
where difficulties had been found (part of 
the boiler are, hoppers) was kept below 
20%. In the other plant areas (turbine, 
chimney, silos, etc.), the percentage of 
piles driven to less than 9 m was under 5%. 
Fig. 10 shows the results obtained in the 
last metre of driving for the piles of the 
chimney foundation. It may be seen that, 
despite the piles being driven in a rela-
tively small area (a circle 30 m in dia-
meter), a large scatter is appreciable. 
Another description of the difficulties of 
pile driving, based on the results of the 
piles driven at that time (about 300 piles, 
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which is a sample of less than 10% of the 
total piling) is given by Nunez et al. 
(1983) A remarkable improvement in driving 
was achieved by taking special care over 

















0 tO 20 30 40 50 
aLOWS/20 oa. 
(mediuM at last metra) 
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COMPUTED AND RECORDED SETTLEMENTS 
Although a settlement prediction was made 
for all the main plant structures, estab-
lishing a topographical control system for 
such settlements, only the results for the 
chimney are given, since these are the most 
significant. 
Stack characteristics are as follows: 
Height 235 m 
Foundation (Fig. 11): 
- Mat diameter 30.80 m (< > 745 m2) 
- 456 piles in 10 crowns 
Vertical loads: 
Mat dead weight 4,920 t (35. 7%) 
Concrete shaft 7 123 8 t (52. 5%) 
Inner liner 1,623 t (11.8%) 
13,781 t (10 0%) 
To predict settlement, the foundation was 
assimilated into a buried footing whose 
dimensions co inc ide with those of the 
piles. The effect of burying (ratio between 
the settlement of the buried foundation and 
that of the foundation of the same dimen-
sions and subjected to the same pressures, 
but on the surface) has been estimated in 
accordance with the recommendations of 
1065 
a) PLAN 
b) SECTION A-A 
FiCJ.11- Chimney foundation 
Johnson et al. ( 19 7 4) 1 and for a sandy 
stratum thickness in excess of 75 m, a set-
tlement reduction factor of 2. 0 has been 
obtained to be applied to semi-infinite 
elastic space solutions. 
The following hypotheses have been used to 
study the evolution of settlement with time: 
a. Total settlements produced 
each load are proportional 
nitude of the load. 
by applying 
to the mag-
b. The application of loads corresponding 
to the shaft and inner liner has been 
'divided into stages with a maximum dura-
tion of 15 days (5 stages in the shaft 
and 4 in the liner). The load on the mat 
is considered applied in a single stage, 
since it was concreted continuously) 
c. The evolution of settlements with time 
has been calculated on the assumption 
that up to a month following load appli-
cation, settlements are proportional to 
the time elapsed. After this, it is as-
sumed that the settlement-time ratio is 
'as fo !lows: 
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S0 1 + B lg t 
to 
where St and So 
at moments t and 
method suggested by 
to 1 month and 
taken. 
(1) 
are the settlements 
to· Following the 
Schroer tman n (197 0) ' 
0. 2 have been 
To determine settlement S0 correspond-
ing to 1 month after load application, 
an additional hypothesis is made that 
the settlement calculated using the 
elastic formula with the correction due 
to burying is that produced after 10 
years. Variation of this period has very 
little influence on the result of the 
calculation. Application of formula (1) 
with this additional hypothesis gives: 
So (to • 1 month) 
A total settlement (10-year period) of 9.5 
em was calculated and reported to the 
Client (Compaffia Sevillana de Electricidad) 
in April 1982, well before the construction 
of the chimney was started. 
Construction began and settlement records 
deviated somewhat from the predicted re-
sults, so it was convenient to adjust the 
calculations. This adjustment involved some 
differences related to the times of load 
application and to the total predicted set-
tlement. It seems that the best fit to the 
recorded settlements corresponds to the 
predicted settlements multiplied by a fac-
tor of 0.8, with no changes as regards the 
time effect factors. 
Fig. 12 shows the summarized results of 
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curve deduced from the above hypotheses, 
scaled by a factor of 0.8. 
Readings began on August 20, 1982, 58 days 
after mat concrete pouring. Accordingly, 
when readings commenced, the theoretical 
settlement was of 21.4 mm, deduced from the 
settlements calculated from such date in 
order to obtain values 
those actually measured. 
comparable with 
As may be seen from Fig. 12, the general 
agreement between values calculated from 
the hypotheses used and those actually 
measured is excellent, provided the men-
tioned reduction factor is applied. 
CONCLUSIONS 
On the basis of the facts reported within 
this paper, some conclusions that might be 
of use to similar projects in the future 
can be advanced. 
The vibroflotation treatment has proved to 
be suitable for the soil characteristics, 
having, in general, achieved the desired 
object. The increase in relative density 
obtained is greater than 20%. 
The distribution of treatment points in a 
triangular mesh proves to be more effective 
than on a square mesh. 
The consumption of filling material is in-
dependent of the separation between treat-
ment points, as long as this separation is 
greater than the diameter of the area of 
influence of each point of vibrocompaction. 
After the treatment, the soil is, to a cer-
tain degree, heterogeneous; moreover, the 
differences existing before the treatment 
are accentuated. Localized factors (e.g. 
lenses with different granulometry) may 
give rise to irregularities in the results 
between points which are very close or bet-
ween different depths at the same point • 
Due to this, problems may arise if surface 
foundations using isolated footings in 
vibrofloated soil are adopted, or when 
driving piles for deep foundations • 
The results of the load test are consistent 
with those obtained by applying Hiley's 
formula . 
Execution of piles driven through these 
treated soils may prove difficult in both 
hard and soft driving - the first being the 
most frequent and troublesome, the second 
being rare, but possible • 
Calculation of settlements of heavy struc-
on floating piles can be 
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